Background and Purpose. Shoulder dysfunction is common in various patient populations. This investigation was performed to assess shoulder dysfunction with self-report and performance-based functional measures. Subjects. Fifty men (25 with shoulder dysfunction and 25 without shoulder dysfunction) participated in this study. Methods. Self-report functional disabilities were assessed with the Flexilevel Scale of Shoulder Function (FLEX-SF), and electromagnetic tracking sensors were used to monitor 3-dimensional scapular movements during 4 functional tasks. Results. Relative to the control group, the group with shoulder dysfunction showed significant alterations in scapular movements (averages of 6.9°less posterior tipping, 5.7°less upward rotation, and 2.3 cm more elevation). Scapular kinematics correlated significantly (r) with the Self-report FLEX-SF measure during functional tasks (posterior tippingϭ.454 to .712, upward rotationϭ.296 and .317, and elevationϭϪ.310). Discussion and Conclusion. Functional disabilities were identified with self-report and performance-based functional measures. The inadequate scapular posterior tipping and scapular upward rotation as well as the excessive elevation may have implications in planning intervention strategies for people with shoulder dysfunction. [Lin J, Hanten WP, Olson SL, et al. Shoulder dysfunction assessment: self-report and impaired scapular movements. Phys Ther. 2006;86:1065-1074 Key Words: Activities of daily living, Biomechanics, Rehabilitation, Scapula, Shoulder-related dysfunction. Research Report ⅷ ўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўў ўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўў T he prevalences of shoulder dysfunction in various patient populations have been reported to be 34% of people 65 and older, 1 64% of patients with stroke, 2 and 78% of patients with spinal cord injury. 3 Additionally, some occupational activities, such as polishing, sanding, and grinding, and certain recreational activities, such as overhead sports and wheelchair athletics, have been found to result in or to increase shoulder dysfunction. 4 -6 Shoulder dysfunction can affect an individual's ability to function independently, consequently decreasing quality of life. [7] [8] [9] [10] The effects and prevalence of shoulder dysfunction have fostered the development of functional activity assessments for use in both research and clinical practice. 11 Functional activity measures generally fall into 2 broad categories: self-report measures and performance-based measures. 12 Self-report measures assess the effects of disorders in terms of patients' functional limitations and disabilities and reflect the quality of life of patients. Assessment with a motion analysis system of functional tasks performed by patients can provide quantitative information and identify specific impaired movements.
T he prevalences of shoulder dysfunction in various patient populations have been reported to be 34% of people 65 and older, 1 64% of patients with stroke, 2 and 78% of patients with spinal cord injury. 3 Additionally, some occupational activities, such as polishing, sanding, and grinding, and certain recreational activities, such as overhead sports and wheelchair athletics, have been found to result in or to increase shoulder dysfunction. 4 -6 Shoulder dysfunction can affect an individual's ability to function independently, consequently decreasing quality of life. [7] [8] [9] [10] The effects and prevalence of shoulder dysfunction have fostered the development of functional activity assessments for use in both research and clinical practice. 11 Functional activity measures generally fall into 2 broad categories: self-report measures and performance-based measures. 12 Self-report measures assess the effects of disorders in terms of patients' functional limitations and disabilities and reflect the quality of life of patients. Assessment with a motion analysis system of functional tasks performed by patients can provide quantitative information and identify specific impaired movements.
In upper-quarter functional activities, scapular motion plays an important role in determining overall shoulder mobility. Scapular motion is a 3-dimensional movement that involves a combination of translation and rotation, which together act to allow efficient humeral motion. This motion is accomplished by the precise positioning of the glenoid on the spherical articular surface of the humeral head and by the maintenance of the optimum length-tension muscle relationships of the shoulder joint. 13, 14 Despite the critical role of the scapula in shoulder mobility, the characteristics of scapular movement impairments during functional tasks or the relationships between scapular movement impairments and functional disabilities in patients with shoulder dysfunction have not been adequately researched. Compared with people who are healthy, people with shoulder impingement syndrome showed decreased upward rotation (4.1°), decreased posterior tipping (averageϭ7°), and excessive scapular elevation during simple arm elevations. [15] [16] [17] [18] A protracted position of the scapula is considered to be a possible factor in shoulder subluxation. 19 These studies focused primarily on abnormal scapular kinematics to explain shoulder pathologies such as impingement, rotator cuff injury, and frozen shoulder, but no studies have evaluated scapular movement impairments during functional tasks or the relationships between abnormal scapular movements and functional disabilities.
An investigation of the relationships between impaired scapular movements and functional disabilities would help clinicians target only those scapular movement impairments that are related to functional disabilities. The purposes of this study were to quantify and compare the 3-dimensional scapular movements of subjects with and subjects without shoulder dysfunction and to examine the relationships among scapular movements and self-report assessment scores for the affected shoulders in subjects with shoulder dysfunction. We hypothesized that subjects with shoulder dysfunction would exhibit less posterior tipping, less upward rotation, and more protraction of the scapula than would subjects without shoulder dysfunction during functional tasks. We also hypothesized that the abnormal scapular movements detected during functional tasks would reflect, among other factors, alterations in a subject's assessment of his or her ability to perform various activities of daily living.
Method

Subjects
All subjects were adults who were at least 18 years of age. Subjects without shoulder dysfunction were defined as those not having experienced pain or limited range-ofmotion (ROM) symptoms of the shoulder within the preceding 6 months. Subjects with shoulder dysfunction had right shoulder pain and limited ROM that were present at the time of the test and that had existed for at least 4 weeks, the ability to independently raise the affected arm overhead, and the consent of their physicians to participate in the study. Subjects with shoulder dysfunction were initially diagnosed by a physician and later were excluded after an examination by a physical therapist if they had cervical symptoms during a cervical screening examination (active and resisted ROM), numbness or tingling in the upper extremity, a history of onset of symptoms because of a traumatic injury, or a history of surgery on the shoulder.
Fifty subjects (25 subjects with shoulder dysfunction and 25 pair-matched subjects without shoulder dysfunction) met the inclusion and exclusion criteria of the investigation. One of the 25 subjects with shoulder dysfunction did not complete the study procedure because of pain and discomfort during the tasks. The demographic characteristics for all subjects are shown in Table 1 . The mean age of the subjects was 54.5 years (SDϭ13.9). There were no differences between the groups in any of the demographic variables. The clinical conditions for shoulder dysfunction were assessed with the self-report Flexilevel Scale of Shoulder Function (FLEX-SF) measure. Scores on the FLEX-SF can range from 1 to 50, with lower scores indicating worse function. Subjects with shoulder dysfunction had significantly lower FLEX-SF scores than did subjects without shoulder dysfunction (t (47) ϭ14.6, PϽ.0005). All subjects were men and were tested on their dominant arms. Each subject signed an informed consent form approved by the institutional review board of the Michael E DeBakey Veterans Affairs Medical Center.
FASTRAK Motion Analysis System
The FASTRAK motion analysis system* was used to detect shoulder complex movements. This system includes sensors, a transmitter, motion capture units, a personal computer, and 6-D research software. † Within a 76-cm source-to-sensor separation, the root-mean-square system accuracies are 0.15 degree for orientation and 0.3 to 0.8 mm for position. 15, 20 We also calibrated and verified the measurement accuracies before carrying out the main test by using a calibration table for the absolute distance and angles between markers.
Self-report FLEX-SF Measure
The selection of the FLEX-SF to assess shoulder function and disability in this study was based on its complete assessment of shoulder function and appropriate psychometric properties for reliability, validity, and responsiveness to clinical change. 21 In this scale, respondents answer a single question that grossly classifies their level of function as low, medium, or high. Then they respond only to the items that target their level of function.
Functional Tasks
The 4 functional tasks (Tab. 2) included arm-raising tasks (tasks A and B) and arm forward-reaching tasks (tasks C and D). These tasks were chosen from the 33 functional tasks used for the FLEX-SF questionnaire. 21 In this scale, the 33 functional tasks may be categorized into 5 groups (easy tasks, moderate and easy tasks, moderate tasks, moderate and hard tasks, and hard tasks). The functional tasks in each group are similar in difficulty. In the interest of devising an efficient measure, we selected these 4 representative functional tasks because they were thought to have a similar moment arm and a similar center of mass of the shoulder joint but different levels of difficulty. Task B represents the singlequestion routine task, and tasks A, C, and D represent hard, moderate, and easy levels of function, respectively.
Procedure
After signing the informed consent form, the subjects were examined by a physical therapist to establish the clinical conditions of their shoulders, including ROM, current pain assessed with a visual analog scale, and the FLEX-SF questionnaire. The FASTRAK sensors then were attached to the bony landmarks with adhesive tape as described in previous reports. 15, 16, 22, 23 These 3 surface sensors were placed on the sternum and the flat superior bony surface of the scapular acromial process, and the points were secured with Velcro straps ‡ to the distal humerus between the lateral and the medial epicondyles. A fourth sensor attached to a stylus was used to digitize palpated anatomic coordinates (bony landmarks: sternal notch, xiphoid process, seventh cervical vertebra, eighth thoracic vertebra, acromioclavicular joint, root of the spine of the scapula, inferior angle of the scapula, lateral epicondyle, and medial epicondyle; the glenohumeral joint rotation center was operationalized from the anterior humeral joint and the posterior humeral joint). The thorax, scapula, and humerus were palpated and tracked (30-Hz sampling rate) while subjects sat with their arms relaxed at their sides. Kinematic data were collected for 5 seconds in this resting seated position. 
Task Description
A: overhead height (hard task) While sitting on a wooden chair (heightϭ450 mm), the subjects used their right arms to lift and place an object (a bottle filled with 0.45 L of water) on the near edge of a height-adjustable desk at a constant distance (300 mm) from the wooden chair and at the height of the top of the subject's head.
B: shoulder height (routine task)
While sitting on a wooden chair, the subjects used their right arms to lift and place an object on the near edge of a height-adjustable desk at shoulder height.
C: sliding a box (medium task) While sitting on a wooden chair, the subjects used their right arms to slide a box (weightϭ4.5 kg) across a table at desk height (760 mm) by pushing it away from them.
D: reaching for a saltshaker (easy task)
While sitting on a wooden chair, the subjects reached to the middle of a desk (heightϭ760 mm) with their right arms to get a saltshaker (weightϭ0.3 kg) and bring it to the near edge of the desk.
a The object or saltshaker in tasks A, B, and D was placed at the near edge of the desk in the sagittal plane of the acromial process of the scapula. The distance for the subjects to push the box and to reach for the saltshaker in tasks C and D was 1.2 times the arm length of each subject in the sagittal plane and was measured from the acrominal process of the scapula. The arm length was measured from the acromial process of the scapula to the end of the middle finger while the subjects sat with their arms extended at their sides.
Subjects then were asked to perform 4 functional tasks (Tab. 2). For the functional tasks, each subject was informed that during the investigation, it was important that the functional tasks be performed naturally, without trunk leaning or rotation compensation, and that they pretend that nobody was observing them. Additionally, specific postural instructions that were developed during pilot testing and standardized for all subjects were given to each subject. These postural instructions focused mainly on the maintenance of an erect sitting posture during the tasks. The order of functional tasks was randomized.
Once the subjects were familiar with the functional tasks, they were instructed to perform each activity a total of 3 consecutive times at their self-selected speed (about 2-3 seconds). The kinematic data from 3 trials for each task were collected. The subjects were given approximately 2 to 3 minutes of rest between practice and test conditions.
Sensors were not removed and replaced between trials. The mean of the 3 trials was calculated. These data were used to differentiate subjects with shoulder dysfunction and subjects without shoulder dysfunction and to test the relationships between impaired scapular movements and self-reported functional disabilities. Because differences between subjects' perceptions of function and their actual function might be expected, the self-report FLEX-SF questionnaire was used again after the functional tasks.
Data Reduction
The absolute axes defined by the sensors of the FASTRAK device were converted to anatomically defined axes derived from digitized bony landmarks. Raw kinematic data were low-pass filtered at a 6-Hz cutoff frequency and converted into anatomically defined rotations. Standard matrix transformation methods were used to determine the orientation of the scapula relative ўўўўўўўўўўўўўўўўўўўўўўў to the thorax. This orientation was described by use of a Euler angle sequence of rotation about Z s (protraction/ retraction), rotation about Y s (downward/upward rotation), and rotation about X s (posterior/anterior tipping) (Fig. 1) . 15, 16, [22] [23] [24] Scapular elevation was defined as the vertical displacement of the scapular sensor during functional activities.
Reliability of Data for Scapular Kinematics During Functional Activities
Reliability data for scapular kinematics during functional tasks were reported previously. 22, 23 Intraclass correlation coefficients (ICC [2,k] ) for the mean of 3 trials for the dependent kinematic variables in each task ranged from .91 to .99. The similarity index ranged from .78 to .97, indicating that movement patterns were similar among trials during the 4 functional tasks.
Data Analysis
To determine whether a significant scapular kinematic difference existed between the 2 groups, 2-factor analysisof-variance (ANOVA) mixed models with factors of group (subjects with shoulder dysfunction or subjects without shoulder dysfunction) and task (4 functional tasks) were calculated for each of the 4 peak kinematic variables. Bonferroni follow-up analyses were used to adjust for multiple pair-wise comparisons when appropriate. The relationships between the scores on the FLEX-SF (after the functional task test session) and impaired scapular kinematics (peak scapular posterior tipping, peak scapular upward rotation, peak scapular protraction, and peak scapular elevation) were assessed with Pearson product moment correlation coefficients (r). Additionally, ICC(2,1) for self-report scores obtained before and after the functional task test session were calculated to determine the reliability for the self-report measures.
Results
Representative kinematic data from a subject during the overhead height task (task A) are shown in Figure 2 .
Although there was substantial variability among tasks and subjects, the major components of the 4 functional tasks were scapular posterior tipping, scapular upward rotation, scapular protraction, and scapular elevation.
Differences Between 2 Groups in Scapular Kinematics
Validating sensor placements with sensors fixed to pins embedded in bone, Karduna et al 24 indicated that data collected from the acromion method would be acceptable if the humeral elevation stayed below 120 degrees. In our study, a humeral elevation above 120 degrees was Data for a representative subject using his right arm to place an object at a height just overhead.
found in only 6 subjects with shoulder dysfunction when they raised their right arms to place an object at a height just overhead (task A). Data for 6 subjects (task A) were dropped from both the ANOVA and correlation analyses. Thus, these data were excluded from the correlation calculations to minimize skin motion artifacts in our results; therefore, data from 18 subjects with shoulder dysfunction and 24 subjects with shoulder dysfunction were used to conduct the statistical ANOVA and correlation analyses for task A and for tasks B, C, and D, respectively.
The 2-way (2 ϫ 4, group ϫ task) ANOVA for repeated measures on the task factor were calculated for the measured scapular kinematic variables. There was a significant main effect of group, and there was an interaction effect for peak scapular posterior tipping (group effect: dfϭ1,41; PϽ.0005; and group ϫ task interaction effect: dfϭ3,123; PϽ.0005; nϭ43) (Fig. 3) . Interaction was related to differences between tasks when averaged across groups. Averaged across the 4 functional tasks, scapular posterior tipping was lower in subjects with shoulder dysfunction (6.9°, PϽ.0005) than in comparison subjects. For peak scapular upward rotation, the groups responded differently across the tasks (group ϫ task interaction effect: dfϭ3,123; Pϭ.011; nϭ43) (Fig. 3) . Subsequently, the effects of group were investigated for each task. In task B, scapular upward rotation was lower in subjects with shoulder dysfunction (5.7°, Pϭ.006) than in comparison subjects. In tasks A, C, and D, scapular upward rotation did not differ between the groups. For peak scapular elevation, the groups also responded differently across the tasks (group ϫ task interaction effect: dfϭ3,123; PϽ.0005; nϭ43) (Fig. 3) . In task A, scapular elevation was higher in subjects with shoulder dysfunction (1.8 cm, PϽ.0005) than in comparison subjects. In tasks B, C, and D, scapular elevation did not differ between the groups. There was no main effect of group, and there was no interaction effect for peak scapular protraction.
Correlations Between Scapular Kinematics and FLEX-SF Scores
Significant Pearson correlation coefficients (r), from Ϫ.076 to .712, highlight the fact that scapular kinematics (tipping, upward rotation, and elevation) are related to a subject's self-reported shoulder functional activities (Tab. 3). Among the significant correlations, scapular 
Reliability of Self-report Scores
The ICC (.86) for self-report measures indicated good agreement before and after the functional task test session.
Discussion
In this study, shoulder-related dysfunction was assessed with 2 types of functional outcome measures: self-report and performance-based measures. Our primary interest was to identify important impaired scapular movements related to self-report measures of functional disabilities. We believe that the variables identified in this study, such as scapular tipping, scapular upward rotation, and scapular elevation, may help clinicians to plan intervention strategies for efficiently improving a patient's condition. However, the fact that the study design does not lend itself to a determination of whether the observed kinematic differences were a cause of pathology or simply a compensation for some other impairment should be noted.
In agreement with the results of previous studies, the present study demonstrated weak-to-moderate significant relationships between shoulder movement impairments and self-reported functional disabilities in subjects with shoulder dysfunction. Bekkering and coworkers 25 investigated the relationships between joint impairments and upper-and lower-limb functions in 21 children with systemic juvenile idiopathic arthritis. The correlation between functional disability ( Juvenile Arthritis Functional Assessment Scale) and loss of joint motion ( Joint Alignment and Motion Scale) was good (r ϭ.77). They also indicated that the loss of shoulder joint motion appeared to be the most important factor in predicting a limitation in arm function. Specific to the shoulder joint, Bostrom 26 showed a weak-to-moderate relationship between shoulder movement impairments and functional status questionnaires in patients with arthritis and shoulder problems. Our findings are especially noteworthy because scapular movements during functional tasks were evaluated, whereas previous research studies 25,26 investigated primarily humeral elevation. Our results suggest that scapular kinematics, in addition to humeral kinematics, also are important in reflecting functional disabilities in people with shoulder dysfunction.
Both self-report and performance-based measures are valuable for assessing shoulder-related dysfunction. Selfreport measures offer an efficient and cost-effective method of comprehensively assessing functional disabilities. However, differences between patients' perceptions of function and their actual function have been mentioned in criticisms of their applicability. 11, 27 In our study, there was a significant difference in FLEX-SF scores before and after performance of the tasks (Tab. 1). It was interesting to discover that subjects with shoulder dysfunction rated their abilities with lower FLEX-SF scores after performing the tasks. However, the clinical importance of the difference between the 2 FLEX-SF scores should be investigated further. Alternatively, performance-based measures can capture the degree of dysfunction specific to the desired task.
Alterations of scapular kinematics are believed to exist in patients with shoulder pathologies such as impingement and frozen shoulder syndromes. 15-17,28 -31 Our results for subjects with nonspecific shoulder dysfunction support this premise. Our data also suggest that scapular kinematics are correlated significantly with a subject's selfreported disabilities, particularly scapular tipping. Without posterior tipping of the scapula, which elevates the anterior acromion to provide adequate clearance for the rotator cuff tendons, subjects with shoulder dysfunction were unable to perform the tasks. We also found more elevation of the scapula (averageϭ1.9 cm) in subjects with shoulder dysfunction than in subjects without shoulder dysfunction during task A. The elevation of the scapula during task A also was correlated significantly with FLEX-SF scores. The negative correlation coeffi- a Tasks A to D were as follows: task A-the subjects used their right arms to place an object at a height just overhead; task B-the subjects used their right arms to place an object at shoulder height; task Cthe subjects used their right arms to slide a box across a cient indicates that a subject with more severe shoulder disabilities (low FLEX-SF scores) had more scapular elevation movements. Most likely, the increased elevation of the scapula in the present study was a compensatory pattern that might be secondary to restricted glenohumeral motion in subjects with shoulder dysfunction.
A possible explanation for the lack of a significant group difference in scapular protraction is the subject variability of performance. On the basis of their study investigating subacromial space by magnetic resonance imaging during protraction and retraction, Solem-Bertoft et al 19 hypothesized that decreased subacromial space during protraction occurred in subjects with shoulder dysfunction during humeral elevation and resulted in an incapability of the greater tuberosity of the humerus to pass freely under the acromion. Our data did not support our hypothesis that there would be more scapular protraction during functional activities in subjects with shoulder dysfunction. The means for scapular protraction showed similar angles between the 2 groups across the 4 functional tasks. Because of the substantial protraction angle variation in the relatively small sample, the lack of statistical significance may be attributable to a type II error (not enough power). We considered a 3-degree difference between groups to be clinically meaningful. 19 When the smallest standard deviation (5.3) among the functional activities was used, the power to detect a 3-degree difference between groups (␣ϭ.05) in scapular protraction angle was calculated to be .45. A sample size of 45 subjects per group would have been required to achieve a power level of .80. Despite the potential type II error, more scapular protraction was observed when subjects placed an object at a height just overhead (task A) than during the other activities. Thus, placing an object at a height just overhead with increased scapular protraction may be considered a risk activity in contributing to a shoulder disorder.
We used a skin-based approach that involved digitized bony landmarks and magnetic tracking sensors for measuring shoulder kinematics during functional activities. For definition of the longitudinal axis of the humerus, the glenohumeral joint rotation center was estimated from 2 digitized points (anterior glenohumeral joint and posterior glenohumeral joint). However, these 2 points lacked discrete landmarks for palpation, a factor that may have affected the accuracy of the data. To improve accuracy, we defined and observed the 2 points on the humerus that moved the least with respect to the scapula when the humerus was moved into several midrange glenohumeral positions. Although the definitions of the axes were standardized and based on previous studies, there may have been errors in digitizing the bony landmarks. However, for a given subject, the definitions of the axes were identical among trials and tasks. The skin motion artifact, which is associated with musculature and subcutaneous fat between skin and bone, is another limitation of the skin-based approach. Karduna et al 24 indicated that data collected with the acromion method would be acceptable if humeral elevation stayed below 120 degrees. In the present study, 6 subjects without shoulder dysfunction raised their arms above 120 degrees during task A. Subsequently, these data were excluded from our data analysis to validate our findings. In addition, our ICCs suggest good consistency, and our data regarding the amount and general pattern of shoulder kinematics are similar to those of other studies; these facts help validate our method. However, it should be noted that limiting the movements to 120 degrees because of the methodology may have prevented us from capturing all of the dysfunction, particularly in task A.
Several factors regarding the subject sample should be considered. The population of interest consisted of subjects with shoulder dysfunction (mean duration of symptoms, greater than 3 months). As these subjects continued to use their affected shoulders during daily activities despite intermittent periods of pain, they may have developed compensation strategies that may not be apparent in a population of subjects with more acute symptoms. Furthermore, the mean FLEX-SF score for the subjects with shoulder dysfunction was 30.5. Subjects with more severe impairments may be expected to show different alterations in kinematics. Because the population from which our sample was obtained was from a Veterans Affairs medical center (estimated to be 85%-90% men), all of the subjects participating in the present study were men. Although there are no data identifying sex differences for the dependent variables, the generalizability of the study results to women is uncertain. Additionally, the subjects with shoulder dysfunction in the present study were mainly older people with sedentary lifestyles; the mechanisms of shoulder disorders may differ in young people involved in athletic activities. The 4 functional tasks used in the present study may not represent functional activities as a whole in subjects with shoulder dysfunction. Many people have difficulty reaching behind the back during activities and, as a result, will compensate for lack of glenohumeral ROM by inducing more motion at the scapula to achieve the same end reach position. Other functional tasks may need to be tested in future studies. ўўўўўўўўўўўўўўўўўўўўўўў study. Additionally, less upward rotation and excessive scapular elevation during the selected activities also were correlated significantly with self-reported functional disabilities. Consequently, scapular posterior tipping, scapular upward rotation, and scapular elevation may have implications in planning intervention strategies for patients with shoulder dysfunction.
Conclusion
